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INTRODUCTION
Next to the routine laboratory tests such as
red blood count, leukocyte count, hemaglobin determination, and urinalysis, probably t he sediment a tion
r a te is the most commonly used l a bora tory aid.

Des-

pite its common use, the test remained a mystery to
me.

My first contact with it came in the study of

rheumatic fever.

Why did the sediment a tion rate

remain high after fever and leukocytosis had· so
often disappeared and the child to all appearances
seemed q_uite well?

My next contact was when an

arthritic patient wa s pres ented in medicine ~linic.
The patient showed a hi gh sedimenta tion r a te and the
deduction was that there was an infectious p rocess
pre s ent.

Next came t he gynecological patient with

ri ght lower q_uadrant pain.

The inference was that

she ha d an acute pelvic inflammatory attack, with
p rob able sp ecific etiology, but cervic a l and urethra l
smea rs were negative as they occasiona lly are, but
her sediment a tion rate was not elevated.

She wa s

operated l a ter and a n acute appendix was found.

Why

doesn't acute appendicitis have an el evated rate, when
acute salpingitis does?
The purpose of this p aper shall be to present
the sediment a tion rate as a l a bora to r y aid to diagnosis, p ro gnosis, and therapy.

An a t tempt shall be

made to present the theory of blood sedimentation in
man, the technical factors and their influence upon
the rate, and the clinical application of the test
to disease processes.

It is hoped that with an

understanding of its limitations, the true value of
the proceedure may be realized.

( 1)

HISTORY
According to the pathology of antiquity, as
expounded by Hippocrates and Galen, ( 22) health
was conceived as dependent upon the normal mixture of the four fluids, which were believed to
compose the vascular contents, thus forming what
we call blood.
fluids were:

As is well known, these four
the yellow bile, cholera--the serum

which separates from the blood clot;

the black

bile, melancholia, seemingly collecting as a
dark colored substance in the lower-most portion of
the blood-clot;

blood in the restricted sense of

the word, sanguis, the upper bright red portion of
the blood-clot in contact with the air (the black
bile and the "blood" thus corresponding to the red
corpuscles); and the mucous or phlegma, answering
to what we now call fibrin.

From a theoretical

point of view, disease might arise as a result of
the increase of any of the four fluids, but in reality the accumulation of the phlegma in the vascular contents was thought to be by far the most
important cause of almost all diseases.

The prin-

cipal rea son for this was the above mentioned observation that blood drawn from most diseased persons was found covered with a fibrinous layer--a
fact that the Hellenic physicians naturally thought
to be a consequence of the phlegma having unduly
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increased in the vascular system.

Moreover, it was

known at that time that the clotting of blood depends on the coagulation of the phlegma--a process
which was considered to take place in the organism when this fluid had accumulated in the vessels,
thereby giving rise to formations which we should
call thrombi.
The Greeks were right when they believed that
the clotting of blood depended on coagulation of
the phlegma; the old physicians of later times were
wrong when they thought that clotting was due to the
clustering of the red corpuscles.

The existence of

these formations having been demonstrated by aid
of the microscope, the blood was considered to consist of only two main constituents, namely, the red
cells and what we now call serum.

The consequence

of this oversight was that the fibrin collecting at
the top of blood drawn from diseased individuals was
interpreted as a substance entirely alien to the
composition of normal blood, the presence of which
was thought to explain the most varied clinical
symptoms, as fever, perspiration, eruption on the
skin, and so forth.

The buffy coat was, as a matter

of fact, the salient point in the general pathology
of the clinical leaders of that time.
-To give only an idea of the significant
bearing of these observations on the treatment of
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disease, it may be mentioned that the theoretical
argument in favor of venesection, the supreme method
of treatment for thousands of years of medicine, was
founded on the conception that by emptying the vessels of their contents the organism could be relieved more or less from the materia morbificans,
i.e., the substance of the buffy coat.
As the conception of the humoral causes of
disease was supplanted by the cellular pathology of
Virchow, the changes in the blood were relegated to
the background, and after a few decades the existence
of the crusta inflammatoria was completely forgotten--a fact to which the discontinuance of venesection naturally contributed.
Prior to this, however, considerable advance
had ·been made in the scientific study of the sizy
blood and its nearest causes.

For the first time

it was pointed out by the early deceased English
physician William Hewson (43) in 1??2 that "The
inflammatory crust or size is not a new-formed
substance, but is merely the coagulable lymph separated from the rest of the blood," and further
this eminent hematologist gave utterance of the
opinion that of the two circumstances which separately or together could give usual rise to the size,
namely delayed coagulation or increased sedimentation velocity, the latter factor had by far the
greater influence •

.
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Light had also been thrown on the question of
why the sinking velocity of the red corpuscles was
increased.

In his lectures during the year 1786,

John Hunter {45) described pathological blood in the
following manner :

"In .a.11 i nfls1r.JIJa tory dispositions

in the solids, whether universal or local, the blood
has an increased disposition to separa te into its
component parts, the red globules become less uniformly diffused, and their attraction to one another becomes stronger, so that the blood when out
of the vessels soon becomes cloudy or meddy and
dusky in its color, a.nd when spread over any surface
it appears mottled, the red blood attracting ,itself and forming spots of red."
The parallelism between the sedimentation velocity of the corpuscles and their degree of clustering was somewhat later pointed out by Jones {46)
who states, like Hunter, that in orde r to know if a
patientt blood has a buffy tendency or not, it is
sufficient to take a drop of blood from the finger
ti~, press it between two pieces of glass and observe whether or not it shows a dotted appearance.
And just as there are differences in t he degree to
which the buffy coat is developed, co r responding
degrees may be distinguished by the di stinctness
with which these dots make their appea rance.
The aggregation of the corpuscles being the
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essential property of buffy blood, gave, as especially Gulliver (32) found out, the explanation
of a peculiar observation which had been . known for
a long time.

Since Harvey's days at least, it was

a well established fact that the blood of even
healthy horses had a strong tendency to become buffy.
'

.

'

The sinking velocity of the corpuscles in horses'
blood is much greater than in that of all other
healthy animals, and there exists here a physiological aggregation of these cells, which is so
strongly pronounced that it can only be compared
with the aggregation occurring in human beings during serious illness.
At this time, however, the research work upon
the causes of the buffy blood had also taken another line which is of great interest for the modern treatment of the problem.
The first quantitative analysis of the blood,
made 120 years ago, concerned the fibrin.

Scudamore

(?8) and the leading French hematologists, Andral
and Gavarret (3) found that this constituent of the
blood was, as a rule, several times increased in
sizy blood, but for diverse reasons this fact was
not associated with the increased aggregation of the
red corpuscles.
On the other hand, Hewson had already made observations which he himself thought to be proof of
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the fact that the fibrin in some way furthered the
sinking velocity of the red corpuscles.

He found the

paradoxical condition that the red corpuscles settle very much mor& slowly in defibrinated blood
than in whole blood, where the fibrin is still dissolved in the plasma.

This fact was later verified

by the great German physiologist, Johannes MUller
(61) in 1833, who, examining the causes of the buffy coat, attributed to the quantity of fibrin a determinative influence on the development of this phenomenon.
As late as the first half of the 19th century,
the buffy coat formed one of the questions most
written about.

At this period, study of the prob-

lem without douby the most significant in the hematology of that time, was discontinued and the results
already gained were entirely forgotten.
It should be added that Biernacki (?)--evidently
without knowledge of the older literature--in the
nineties published several essays on the sedimentation of the red corpuscles, which process he ascribed to the secretion of plasma by the red cells.
He adopted the peculiar conception that the greater
part of the plasma was squeezed out from the corpuscles in dying blood,a process which took place
with various degrees of speed in different cases.

{ 7)

His observations, however, were never accepted,
probably owing to the e.bsurd theoretical explanation
advanced.
In this brief historical review, it may finally
be noted that the increased aggregation of the red
corpuscles in fresh blood specimens in cases of more
severe inflammatory conditions was recognized by
French hematologists in particular at the beginning
of this century.
The publications of Fahraeus which originated
from accidental observations (1917) on the increased
sedimentation velocity of the red corpuscles during
pregnancy, have renewed interest in these hematologic questions and during the last two decades,
thousands of papers concerning the sinking speed
of the erythrocytes have been published.

( 8)

HYDRODYNAMICS OF SEDIMENTATION.
Erythrocytes suspended in plasma settle because their density is greater that the density of
their medium. (22, 35, 89)

According to Stokes'

Law, the velocity of fall is proportional to the
difference between the specific gravity of the sphere
and that of the fluid--inversely proportional to the
viscosity of the fluid--and directly proportional
to the square of the radius of the sphere.

Should

the particle be non-spherical, as is the case with
erythrocytes, the formula gives only an approximate
idea of the velocity of fall.
This formula applies only in fluid of infinite
extension.

In a suspension this is not the case.

The falling particles will meet upward currents
produced by the sedimenta~ion of the immediately
preceding particles.
have been devised.

Hence numerous coefficients
These laws cannot explain the

sedimentation rate variations of normal and pathological human blood.

For in blood, as a rule, the

sinking velocity is higher in plasma of greater
viscosity.

Another factor, however, to be considered

is the degree of concentration of the suspension-or the relative number of corpuscles.

As an ex-

ample, (22} if a sample of blood containing five
million red cells per cubic millimeter and a sedimentation rate of 20 millimeters per hour be reduced
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by plasma dilution to four million per cubic millimeter, the sinking velocity becomes increased nearly
twice.
Clinically this is of less degree.

Why?

The

answer undoubtedly is the decreased aggregation of
cells or· rouleaux formation.

In cases of marked

polycythemia there is a very slow sedimentation rate.
In marked anemia, a high sedimentation rate occurs.
These two extremes seem to be the onl y instances in
which pure hydrodynamics play a large role.

The

role of concentration of erythrocytes will be discussed further under the heading of corrections for
anemia.
Again the size of the cells should, but does not,
have marked effect upon sedimentation time.

The

answer to this finding is that the red cells sink
by a velocity comparable to the size of the rouleaux
formation, not the size of the individual cell.

In

blood with.high sedimentation rates, large rouleaux
formations are seen.
gregates of cells.
breap up easily.

Healthy blood shows small agIn normal blood the forma tions

Separation is attained less easily

in high sedimentation rate blood.

The rouleaux

stretch before breaking; and if broken, get back together faster than normal blood.
So far as has been observed, near complete
parallelism exists between the tendency to rouleaux
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and the sinking velocity.

By experiment (15, 22, 60,

91} plasma contains the factor responsible for rouleaux.

For, if cells of rapidly sedimenting blood

are suspended in normal plasma, they no longer
settle rapidly.

The reverse of this is also true.

If cells from normal blood are suspended in plasma of
rapidly settling blood, the sinking velocity is
still rapid.

If -plasma be concentrated, rouleaux

formation increases.
is decreased.

If it be diluted, aggregation

When erythrocytes are suspended only

in the electrolytes of the blood, sedimentation is
extremely slow.

On the other hand, it has been shown

that addition of many hydrophil colloids such as
gelatine, agar, acacia, etc., strongly increase the
aggregation.

Hence it seemed probable that the

rouleaux formation in normal as well as pathological
blood is caused by the hydrophil colloids, the proteins, and that the degree of aggregation depends
upon these proteins being altered in amount or
properties during pregnancy and disease.
The serum globulins or fibrinogen, usually both,
are known to increase during pregnancy and disease.
(36, 90)

Generally the increased serum fibrinogen or

globulin is accompanied by a decrease in serum albumin.

In other words, the serum protein total is

constant or nearly so, but the salt precipitation
limit is displaced to the albumin side.

This
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displacement may be so extreme that t he globulin
fraction, as in pneumonia, represents 95% of the
whole serum protein.

It is well known that fibrin-

ogen is the easiest precipitated by salts and forms
a highly viscous solution.

Globulin is next in

line of ease of precipitation and albumin is least
easily precipitated.

This explains why when the

viscosity of the plasma is greatest, sedimentation
is most rapid.
The llpoids of plasma as well as the proteins
of the erythrocyte stroma have to be considered, but
are of far less significance.

Gases of the blood

possibly have some slight influence experimentally
but little clinically.

If oxygen is increased by

bubbling through blood, the sedimentation rate is
increased.

If carbon dioxide is bubbled through, the

rate is decreased.

( 12)

ROULEAUX AS A PHYSICO-CHEMICAL PHENOMENON.
As is well known, the stability of suspensions
to a great extent depends upon the physical characteristics of the interface between the particles
and the fluid. (21)
Every surface of contact of one substance with
another substance of less molecular force tends to
diminish on account of the so-called surface tension.

Two particles in a suspension coming close

enough to each other, the interfaces between each one
of them and the fluid will join to one continuous
interface.

This, tending to diminish, will press

the particles together.
Fahraeus (22) said, "There is hardly another
model existing so beautifully demonstrating the action
of the surface tension as the rouleaux formation in
the blood.

When two previously solitary corpuscles

in a fresh drop of blooa, microsco~ically studied,
come into contact with their broadsides, we get the
impression that they are pressed together by invisible . forces.

If the first point of contact is

situated at the edge of the one or both corpuscles,
which also very often happens, the corpuscles instantly perform a quick motion, the one gliding up
against the other, broadside against broadside.
The motion does not stop until the peripheral edges
of the corpuscles are brought to a position corresponding to the surface of a cylinder.

The
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rouleaux formation is thus a mechanism manifestly
proving the existence of a force which tends to
diminish the interface between corpuscles and plasma
to a minimum.

If stickiness, which has played a

great role in theories of agglutination, gave rise
to the aggregation here in question, the corpuscles
would remain in the position of their f1rst contact
and we should not obtain the peculiar architecture
of the aggregates, the rouleaux formation."
But there are also other forces which must be
taken into consideration with regard to the degree
of aggregation tendency of the red corpuscles.

The

interface between the particles and the fluid of
a suspension is probably always the seat of electric
forces.

On each side of the interface there exist

electric charges, which are of different signs and
of equal magnitude, thus balancing each other.

The

existence of an electric double layer is most easily
proved by the fact that the particles migrate when
an electric current is passed through the suspension.
The fact that the red corpuscles in their native
medium, the plasma, migrate towards the anode is
a proof of the fact that they are charged with
negative electricity.

(22)

While the surface tension represents the attraction force between the particles of a suspension,
the existence of an electric charge acts as a

(14)

repulsive force between them.

This effect is brought

about in two ways, partly directly on account of the
fact that bodies charged with the same kind of electricity mutually repel each other, and partly indirectly on account of the fact that the electric
charge of a surface tends to increase it, consequently acting in opposition to the surface tension.

The

last named point of the effect is easily understood if we consider that the elements of the surface,
being charged with the same kind of electricity,
must tend to repel each other.
There is, however, a third circumstance which
is of influence upon the stability of suspensions. (94)
There are several facts which lead to the supposition
that the particles of a hydrosol are surrounded with
a layer of adsorbed water, which prevents the aggregation of the particles or makes it more difficult.
Principally, on account of the great difference in
viscosity of different colloids, this water binding
capacity of their particles is considered to be of
a very different degree.

The hydration is not very

pronounced in the typical suspensoids which have almost the same viscosity as their fluid medium,
while one of the most characteristic properties of
the emulsoids, namely their great viscosity, is a
proof of the great capacity of their particles for
binding water.

The difference in this respect is

( 15)

considered to be the chief cause of the instability
of the first-named class of colloids, and of the
comparitively great stability of the last-named ones.
That the degree of hydration of the red corpuscle surfaces is of importance for the degree of
their aggregation tendency, one must conclude from.
the fact that the surface layer of the erythrocytes
consists of emulsoids.

Another circumstance, which

probably speaks in favor of regarding the red corpuscles as surrounded with an adsorbed water layer,
is that the relatively high viscosity of the blood
is dependent upon the erythrocytes to a very high
degree.
As the influence of the electric charge exerts
an effect upon the surface tension, so there exists
also, in all probability, a causality between electric
charge and hydration of the particles.

It has been

shown that electrolytes which reduce1he charge of the
particles in a colloidal silver solution also reduce
its viscosity. (22)

Fahraeus regards the fact that

protein solutions in which the particles are charged
are more viscous than solutions in which they are not
charged as depending upon the charged particles being
more hydrated.
Considering these factors which influence the
stability of suspensions, it is not surprising that
the mechanisms having to do with the stability of

(16)

the blood must be regarded as very complicated and
far from clear.

As stated above, the problem seems

to hinge upon the manner in which the globulin or
fibrinogen increase changes the interface between the
red corpuscles and the plasma, or the surface of the
red cells.

Is it by increasing the surface tension,

or by reducing the negative electric charge of the
corpuscles or finally by depriving their surface
colloids of adsorbed water?

Fahraeus (20) and after

him Linzenmeier (54) have done experiments discharging
the corpuscles with positive ions in different concentrations--experiments tending to show that the
globulins decrease the negative charge of the corpuscles.

But, on the other hand, the pronounced

parallelism between the magnitude of the aggregation
effect of the globulins and other emulsoids upon the
erythrocytes and their degree of viscosity speaks in
favor of the theory that a dehydration of the corpuscle surface layer may be the predominant factor.

(17)

PLASlAA FIBRINOGEN RESPONSE
Since is is now fairly well accepted that by
far the greatest factor in the sedimentation rate
of human blood is the plasma fibrinogen, certainly
a brief discussion of · the plasma fibrinog·e n response
in man is in order to better understand the phenomenon under discussion.
For any one individua~ the fibrinogen level during health is relatively constant and is not altered
by short periods of fasting, by food ingestion, by
rest or brief violent exercise • . (36)

For a series

of normal subjects, however, the range of fibrinogen
concentrations from 190 milligrams to 330 milligrams
is materially greater than the variations in level
occurring in any one subject during health.

A

diet deficient in protein will eventually produce
subnormal fibrinogen concentrations, but such a
diet, and nutritional deficiency in general, do not
prevent the response of fibrinogen to infection.
The fibrinogen concentrations in normal subjects and
in patients with nutritional deficiency are increased
moderately, but usually within normal limits, by diets
rich in animal protein derived from any one of several sources.

The influence of diet on the fibrin-

ogen level is only moderate in degree and has no
apparent clinical significance.
Considered broadly, since an elevation of

{18)

fibrinogen concentration is so common a reaction to
such a variety of disease conditions , it is classidied
as a non-specific response of the organism and is
comparable to other non-specific reactions such as
fever, leukocytoses, and tachycardia.

The variations

in fibrinogen level may be entirely independent
of variations in body temperature, leukocytes, and
other plasma proteins.

The fibrinogen response may

be observed more frequently than either fever or
leukocytosis in many disease processes, such as
acute and chronic infections and malignant neoplasms.
The fibrinogen level is often the last to return to
normal. (19, 59)

Therefore increase in fibrinogen

concentration is usually a more sensative indicator
than other responses of the presence of tissue injury,
especially low grade chronic infection.
On the first day of an acute infection, even in
the presence of fever and leukocytosis, the fibrinogen level or sedimentation rate frequently is normal.
(59) The maximum fibrinogen elevation, to the levels
of 400 to 800 mg. or. occasionally to higher concentrations, may not occur for several days when the
leukocytes and fever already have or may ha ve returned to normal.

During convalescence the fibrinogen

concentration usually decreases slowly and progressively to normal over a period of from two to eight
weeks after the leukocytosis and temperature have
returned to normal and after disappea~nce of all

(19)

symptoms and signs of the disease process.

Exacer-

bations of the infection or other infectious complications produce further increases in fibrinogen
after a variable lag period.

Usually the fibrin-

ogen concentration is elevated significantly above
normal levels.

In certain mild infections, however,

an increase of 100 mg. in concentrat i on may not
result in a fibrinogen value beyond n9rmal limits,
but nevertheless may represent a fibrinogen response of pathological significance for the indiv-

idual.

Such a moderate responce would not be de-

tected without a previous knowledge of the fibrinogen level during health.

From a practical stand-

point, the fibrinogen concentration is not artificially altered by the usual variations of a subject's diet
or muscular activity.

It is not altered by the var-

iety of functional disorders.

An increase in con-

centration of 100 mg. or more usually constitutes
a fibrinogen response, therefore, frequently signigying the presence of some organic disease process.
In contrast to acute infection, chronic infection and chronic tissue destruction in general
produce prolonged and significant elevation of
fibrinogen, usually in definite pathological levels.
Normal pregnancy is the only "physiological condition associated with increased plasma fibrinogen
concentrations to values of from 350 to 450 mg. (67)

(20)

Diagnostically, therefore, an abnormally elevated
concentrations in the abscence of pregnancy is laboratory evidence for an organic disease process, which
may have clinical evidence at the time of observation
or which may have terminated days or weeks before.
The fibrinogen concentration, as indicated by
the sedimentation rate, has served l a rgely as a laboratory aid in determining the progress and therapeutic results of certain potentially serious chronic
infections, especially tuberculosis, rheumatic fever,
arthritis, and gonococcal infections. (4, 19, 51, 63)
In these and similar conditions the most delicate
index of disease activity is essential.

In general,

the fibrinogen concentration remains significantly
elevated as long as disease is present and active;
the concentration increases with exacerbations · or
complications and decreases with remissions or cures.
The occasional failure of fibrinogen to respond
in severe infection may be a poor prognostic sign
and may suggest inadequate liver function.

Under these

conditions liver disease may not be demonstrable
clinically, but at post-mortem the liver may show
damage of variable extent and degree.

The lack of

fibrinogen response in certain infections of moderate
or mild degree such as the virus disea ses, may be due
to inadequate stimulus to fibrinogen production,
since these processes are generally non-pyogenic.

( 21)

MECHANISM--CLINICAL STANDPOINT
From a clinical standpoint, the mechanism of
blood sedimentation is this.

The increased sed-

imentation rate of erythrocytes represents a change
in the composition of the plasma, the result of
absorption into the blood stream of certain products of tissue breakdown, (15) which manifests
itself in an increase in plasma fibrinogen or serum
globulin or some other way no.t well understood.
This change in plasma brings about physical conditions necessary for the formation of large
rouleaux and hence rapid sedimentation.

If this

sequence is correct, the sedimentation rate may be
used as an indirect measure of tissue destruction
(catabolism) anywhere in the body and regardless
of the etiology, provided there is sufficient absorption from the site of disturbance to alter the
suspension stability of the blood.
Sedimentation takes place in three phases
whether the blood be normal or pathological.

These

stages are: 1) phase of aggregation or rouleaux
formation, 2) phase of settling, 3) packing ·phase.
PHASE I.
rouleaux.

The formation of aggregates or

During this phase the cells are group-

ing themselves preparatory for sedimentation. During
this phase the level of erythrocytes falls some, but
is nearly the same in normal as in pathological

(22)

blood.
PHASE II.

Settling or sedimenting phase.

It

is during this phase that the rouleaux formations
descend in proportion, nearly so at least, to their
mass or size of aggregation.

It is during this

stage that pathological blood behaves differently
than normal blood.

This gives rise to the sed-

imentation phenomenon.
PHASE III.

Packing phase.

Sinc e the tubes used

for calculation of sedimentation rate are not of
infinite length, this process hinders or slows
sedimentation.

At one hour, for inst ance, it may

markedly slow rapidly sedimenting blood.

If the

blood be normal, it probably has no effect at all.
Here again anemia would increase sedi mentation
readings.

This will be further discussed under

corrections for anemia.
Since increased rouleaux format i on appears in
the process of disease it must be considered one of
the body's defense mechanisma. (60)

Fahraeus (22)

made some interesting observations of rouleaux in
vivo by viewing skin capillaries and retinal vessels.

These will not be discussed in this paper

except to say that rouleaux is not merely a property
of drawn blood.
If a blood sample, whether normal or pathological,
is defibrinated, or if the washed erythrocytes are

( 23)

placed into the serum rather than the plasma, the
blood will produce little rouleaux formation and will,
therefore, manifest a very slow sedimentation rate.
However, if one heats any serum or defibrinated plasma,
normal or pathological, at 60 degrees Centigrade
for 30 minutes, and to this add washed red cells,
the susp ension acts as pathological blood with
marked rouleaux and rapid sedimentati on, (60) making
a question of the singular importance of fibrinogen
to the process.

However, since this is a definite

alteration of blood constituents physically, the
argument may probably be overlooked i n view of previous work. (35)
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METHODS.
In general there are four headings under which
the commonly listed sedimentation rate methods may
be listed:
1)

Rate of fall in millimeters per minute

during the period of most rapid fall.
Ernstene method.
2)

Rourke and

(74)

Measurement of the distance which the

sedimenting corpuscles fall in a specified interval
of time--usually one hour.
methods.
3)

Westergren and Wintrobe

(88,89)
Time required for the sedimenting cor-

puscles to fall a specified distance.
method.
4)

(54)
Graphic method of recording the sedimen-

tation of the corpuscles.

Cutler method.

Rourke-Ernstene method.
anticoagulant.
100 mm.

Linzenmeier

(13)

Heparin is used as an

Hematocrit tubes are graduated to

The internal diameter is 4mm.

Frequent

readings, at least every five minutes, until period
of most rapid fall.
per minute.

Determination of fall in mm.

Correction for hematocrit according to

their own method.

Upper limit of normal of cor-

rected rate is 0.35-0.4 mm. per minute.
Westergren method.

Oxalate mixture is used

as an anticoagulant in newer adaptations, but in the
original method 3.7% sodium citrate is used, in the
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ratio of 80 blood and 20 citrate.

Tubes of 300 mm.

length with a mark at 200 mm. mark.
ameter of the tube is 2.5 mm.
at 1, 2, and 24 hours.

Interna l di-

Readings are taken

Normal levels for males

is 1-3 mm. with 4-?mm. considered borderline.
from 4-7 mm. with borderline from 8-11 mm.

Women

Cor-

rection for hemaglobin content optional, but not
used by author of method.
Wintrobe method.

Oxalate mixture is used as

an anticoagulant, 4 mg. potassium oxalate and 6 mg.
ammonium oxalate per 5 cc. of blood.
tubes graduated to 100 mm. used.
diameter is 3 mm.

Hematocrit

The internal

Reading taken in one hour, re-

cording fall in millimeters.
by author's chart.

Hematoc r it correction

Upper limit of normal is 10 mm.

in men and 20 mm. in women.
Linzenmeier method.
anticoagulant (5%).

Citrate is used as an

Tubes 6.5 cm in height and an

internal diameter of 5 mm.

Mark on tube at level of

1 cc and 18 mm. below this.

Measure of the time re-

quired for corpuscles to fall from the 1 cc. level
to the mark 18 mm. below.

120 minutes is the lower

limit of normal.
Cutler method.

Methods for three qua ntities

of blood--5 cc., lee., and 0.3 cc.
are 50 mm. in height.
bore of 2.5 mm.

All the tubes

The latter has an internal

Anticoagulant used is 3% sodium
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citrate in the ratio of 0.1 cc per 1 cc. of blood.
Read every five minutes for one hour and record
graphically plotting the fall in millimeters against
time.

Four types of curves are obtained: horizon-

tal line, diagonal line, diagonal cur ve, and vertical
curve.
mal.

Only the horizontal line is considered norUpper limit of normal for the complete fall

is considered 8 mm. in men and 10 mm . in women.
The micromethods are equally plentiful, but
two methods, those of Landau (49} and Smith (79} seem
to enjoy the greatest popularity.
Landau method.
is 62. 5 mm.

The length of the blood column

The internal bore of the tube is 1.0 mm.

and 5% sodium citrate is the antocoagulant.

Some

type of mechanical suction apparatus is usually
used to advantage. (42}

Normal values given by

the author are: 1-8 mm. in one hour for children,
1-5 mm. for men, and 1-8 mm. in women.
Smith Method.
is 50 mm.

The height of the blood column

The bore is 2.5 mm. and 5% sodium citrate

is the anticoagulant.

The upper limit of normal

is a fall of 10 mm. in one hour.
The micromethods use capillary blood a nd hence
are of greatest use in children, for r epeated venipunctures would be impractical as well as distasteful.

Although some clinicians may use the micro-
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method for an office practice with adults, it would
seem that its greatest application would be in following the course of convalescing rheumatic children.
As has been pointed out previously in this paper,
the use of micromethods can be criti ciz ?.ed from the
point of view that the smaller diameter of the tube
gives greater inaccuracies.

But this need not pre-

vent the use of the micromethods clinically.

Since

any macromethod used relies upon clinical tests or
pract ice in determining its limits or normals, the
micromethod can be applied similarly, although the
small bore might well interfere with the study of
the nature of the sedimenting phenomenon.
Advantages of the micromethod include: the
small amount of equipment used, elimination of venipuncture and correction charts, simplicity of use
especially with children requiring weekly or biweekly determinations, and the low cost of apparatus.
To evaluate the macromethods is a problem of
great proportions.
be asked is: :

One fundamental question which may

Should a sedimentation method used

clinically be one which most adequately represents
the complete phenomenon of sedimentation, or should
a method be adopted which, although it does not
precisely picture the complete phenomenon, gives
very similar results with greater simplicity?

It
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can hardly be doubted that the methods of Rourke and
Ernstene, and Cutler, with their five minute readings
do show the phenomenon of sedimentation adequately.
All three phses can be seen on the constructed sigmoid or skew curve.

However, in order to perform these

tests, either busy laboratory technicians must read
the tubes every five minutes, or an elaborate photographic method (62) must be purchased and _used.

As

has been brought to my attention by my advisor,
Dr. John Gedgoud of the Department of Pediatrics,
comparable results are attained at the end of one
hour whether the method be that of Wintrobe, Rourke
and Ernstene, or Cutler.

Comparisons were on the

basis of percentage of blood column height the erythrocytes had fallen at one hour.
The Linzenmeier method utilizes the time required for erythrocytes to fall 18 mm.

It would seem

that this too would require much of a technician's
time.
The Wintrobe and Westergren methods are quite
similar in regard to methods of timing.
quire a minimum of the technicians time.

Both reFactors not

to be discussed in this section, but ones deserving
consideration in comparison of the various methods are
anticoagulants, height of tubes, corrections for anemia,
and technical variables common to all methods.
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ANTICOAGULANTS.
The prevention of blood clotting is, of course,
necessary in order to observe the sedimentation of
the erythrocytes.

Were it not for the large part

the plasma fibrinogen plays in the phenomenon of
sedimentation, to use defibrinated blood would quite
possibly be the method of choice.

Since this is

impractical the introduction of anticoagulants has
become necessary.

It then becomes a problem to

evaluate the effects of the different ones used.
If the substance be a liquid or solution, a dilution
factor is inserted.

Some anticoagulant materials

are known to alter the cell size.

If the technical

factors of the sedimentation rate are to be minimized, there is a need for a specific concentration
of anticoagulant.
Increase in concentrations of sodium, potassium,
and lithium salts are known to cause a decrease in
cell volume.

Ammonium salts cause an increase of

cell volume with an increase in concentration.
Rourke and Plass (73) demonstrated that a small concentration of heparin, 20 mg. in 100 cc. of mixture,
caused no alteration of the sedimentation rate when
compared to that of a . sample of hemophiliac blood
containing no antocoagulant.

Sappington and Gillis

(77) believe the use of 1% heparin is adequate but

not excessive.

Such blood is also available for
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volume, cytological and biochemical estimations,
an advantage oyer the salts used, especially citrate.
Formerly heparin was very expensive, poorly standardized, and unstable.

Now it is less expensive,

well standardized, and stable.
Sodium citrate, either as dry crystals or in
solutions of 3.8%, causes a marked shrinking of the
cells and a slowing of the sedimentation rate. {85)
In concentrations employed by Westergren and Cutler
decreases in sedimentation rate from 33-46% occur
as compared to heparin.

A decrease of 23% was ob-

served when sodium citrate was used as a dry salt.
Heller and Paul (39) found that a mixture of
40% potassium oxalate and 60% ammonium oxalate-6 mg. and 4 mg. per 5 cc. respectively--causes a
minimum of cell volume variation and sedimentation
rate changes very comparable to heparin.

Wintrobe

and Landsberg (90) confirmed these findings.

These

men also observed dry potassium oxal a te, 2 mg. per
cc., and found that it does not materially depress
the sedimentation rate; however, they favor the mixture of Heller and Paul.
From these facts the effects of anticoagulants
have been presented.

It would seem to indicate that

the introduction of heparin, even though a liquid,
does not clinically alter sedimentation.

Of the

salts, those used in d~y crystal form give best

(31)

results.

It seems quite generally agreed that the

mixture of Heller and Paul possesses most of the
advantages of heparin, is less expensive, and probably
better standardized .
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FACTORS AFFECTING THE SEDIMENTATION RATE AS EMPLOYED
CLINICALLY
The factors which must be considered as variables
in the sedimentation rate may probably best be divided into five groups: physical, chemical, physiological, pathological, and technical. (62)

An at-

tempt shall be made to evaluate these factors, and
to ascertain not their potential importance so much
as their actual importance in the calculation of the
sedimentation rate as clinically employed.

For it

is in direct proportion to his ability to do this,
as much as his clinical or medical interpretation, that
the sedimenta tion rate is of value to the physician.
To know any test's limitations is to know its true
value as a diagnostic and prognostic aid.
PHYSICAL FACTORS.

Since both cells and plasma are

essential in order to have a sedime~ting system in
the blood, variations in one or both will alter
sedimentation in degree dependent upon the extent
of the change.

The specific gravity of the cells

suspended must be greater than that of the plasma in
order for settling to occur.

The viscosity of the

blood is known to resist the fall of the cells,
but this alone cannot begin to explain the phenomenon.

The movement of plasma generally is upward

tending to retard settling.

The size of the particle

bears a far greater importance in blood or any
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system in which there is not an aggregation of cells.
As is the case in blood, the larger the agglomerate
the more rapid its fall.

The environmental temp-

erature plays a major role among the variables.

It

may be said that lower temperatures are associated
with decreases in rate, and higher temperatures are

associated with increases in rate.

Observations

regarding temperature have been made by many-- Rourke
and Plass (73, Westergren (88), Wint r obe and Landsberg (90), and many others.

The last two invest-

igators, using their method of calculation of the
sedimentation rate found the followtng.

At 10 degrees

Centigrade the sample of blood showed a rate of 9 mm.,
at 15--19mm., at 22--33. 4ni..m., at 23--33. 9 mm., a.t
24--35.1 mm. , at 28--3? .1 mm. , at 29--37. 6 mm. , a.t
31--38.6 mm., at 32--40.2 mm.

These figures serve

to show that although temperature may have a pronounced effect upon the settling, laboratory tempe~atures within normal limits have a minimal effect.
Certainly a margin of error of this small dimension
does not warrant an attempt at correction for temperature.
Other physical forces such as the electrical
cha rge of the cell, potential difference, cohesive
forces, surface forces, repulsive forces, and osmotic pressure exert influence upon sedimentation,
but probably indirectly through the phenomenon of

{ 34)
rouleaux formatio~.
CHEMICAL FACTORS.

The effect of hemaglobin vari-

ations is one of considerable study.

Ham and Curtis

(35) found no correlation between the sedimentation
rate and the mean hemaglobin concentration.

In

general correlation between changes in hemaglobin
and changes in sedimentation is debatable.

The

question regarding the differences of sedimentation
in arterial, venous, and capillary blood as commonly
obtained seems to be universally answered by the
statement that there is no measurable difference.
(11,34)

Although large variations in oxygen or

carbon dioxide content can experimentally produce
a change in rate, the simple aeration of blood
prior to determination of sedimentat i on seems to
be of no important significance. (22 , 72)
Alkalosis hastens the sedimentation and acidosis
slows it, but it is quite doubtful if variations
in between are of sufficient importance to discuss.
(88)

Protein fraction changes have been discussed

previously.

Increases in cholesterol may be ac-

companied by increase in sedimentation and increases
in lecithin are often associated with decreases in
sedimenta tion.

That other chemical factors such as

bile products, chlorides, lactic acid, lipoid equilibrium, and nitrogen balance may influence sediment~
ation is not doubted, but their role is dubious. (14,34)
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Physiological Factors.

That the sex of the in-

dividual plays a role seems to be generally accepted, especially that it is greater in adult
women that in adult men.

There is some debate as

to whether this can be accounted for solely by the
difference in volume percentage of cells as noted
between men and women. (22,31,74)

Pregnancy and

menstruation will be discussed later.

Age may

have some effect since most observers agree that
the normal is lower for adults than for the young
and old.

Food, exercise, sweating, excitement, time

of day, atmosphere, etc., have a very slight to
no effect.

Van Antwerp (83, however, has shown

that emotional disturbances in children may elevate
rates, but this is not a constant finding, not a
majority opinion.
TECHNICAL VARIABLES.
has been discussed.

The subject of anticoagulants
The delay from withdrawal of

blood until the test is run is differ~nt for the
anticoagulant.

For heparin it is generally agreed

that six hours is the limit of maximum delay.

For

the oxalate mixture of Heller and Paul (39) the
limit is between two and three hours.
is probably three hours.
retard sedimentation.

Citrate limit

Additional delay seems to

Uniformity of mixture of cells

and plasma is an obvious variable which must be
reckoned with (73).

There has been a multiplicity of
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tubes for the measurement of sedimentation.

There is

agreement that the rate is unaltered in tubes with
a bore of from 3 mm. to 11 mm., but tubes of an internal diameter of 2mm. or less causes slowing or
irregularities in settling.

(22,85,89)

Bores of

from 2-3 mm. are doubtful, although Wintrobe and
Landsberg found no significant difference for tubes
ranging from 2.5-11 mm.

Ham and Curtis (35) re-

port a slowing of 2?% between 2.5 mm. end 3 mm. in
column heights of 50 mm. and 100 mm.

Lengths of

tubes and their regard to the packing phase has been
discussed previously.

It seems recognized that the

sides of the tubes should be parallel and the bottoms should be flat.

The necessity of perpen-

dicularity of the tube is one point with no disagreement.

Ponder (68) has nicely explained the

physical basis for this.

Any deviation from a

perpendicular causes an increase in the sedimentation
rate.

Wintrobe and Landsberg found t hat as little

as 2.3% deviation causes an acceleration of 30%.
Methods of timing are discussed under methods of
proceedure.
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CORRECTIONS FOR ANEMIA.
Numerous methods have been devised for correcting the sedimentation rate for anemia.

It is prob-

ably safe to say that no author believes his method
is any more than an attempt to solve the problem,
and some doubt it's necessity.
Rubin and Smith (?6) and Rourke and Plass (?3}
have shown that, other factors being equal, the sedimentation rate bears an inverse proportion to the
volume percentage of erythrocytes.

The fewer the

red cells, the faster is the sedimentation rate.
Gram (28), Rourke and Ernstene (?4), and Wintrobe
and Landsberg (89) have constructed charts for
correction.

Their derivations are very complicated ·

and are limited to narrow ranges.

Walton (86) has

used a percentage and dilution formula to standardize the number of red cells of any given blood
speciman before performing the sedimentation test.
Chung {9} believes this method is better, but troublesome.

Using a hematocrit of 50 as normal, .he cent-

rifuges the specimen and takes off the supernatant
fluid until the hematocrit is one half.

He they

remixes the speciman and determines the sedimentation
rate.

With his method other hematocrit values con-

sidered normal may be used and figured out.

His

readings would of necessity be on a percentage of
total blood column fall, but findings would probably
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be comparable to others if percentage figures are
used.

It was shown by Rourke and Plass (33) that

even after centrifugation, with adequate mixing,
the sedimentation rate was the same as before centrifuging.
In contrast to these findings, Cutler (14)
says anemia has little to do with the phenomenon of
blood sedimentation.

Rapid settling is the result

of the red cells forming large aggregates or rouleaux.

If no aggregation .takes place, sedimentation

is slow no matter how marked the anemia.

The ability

of red cells to form aggregated is a function of
the plasma and is specific for that plasma.

The

specificity is little influenced by the size, shape,
or number of cells in suspension.

Onc.e aggregates

form they settle at a given rate of speed more or
less in accordance with Stokes' Law.

He believes

that when multiple readings are employed, instead of
one reading at the end of one hour, the nature of
the graph isolates the anemia factor (packing phase)
from blood sedimentation (aggregation and sedimentation phases)

The shape of the curve portrays

disease, the index reflects anemia as well.

The

same author believes one cannot correct for anemia and
still get consistent sedimentation findings.

The

~

very removal of plasma in an endeavor to correct
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for anemia interferes with the mechanism of rouleaux
formation and sedimentation becomes slow in proportion to the amount of plasma removed.
seem that this statement is untrue.

It would

By his own

words he has said that it was the quality of the
plasma rather than the quantity which determined the
rate of sedimentation.
to Chung's work.

He was undoubtedly referring

However, Hambleton and Christian-

son (37) concur with Cutler.

They believe correction

for cell volume is uncalled for and undesirable in
cases of blood having normal or subnormal cell volume.
All these observers seem to ha ve their points
and indications, but their lack of agreement serves
to point to the conclusion that the question of correction for anemia is not a settled question.

So

unsatisfactory has the ncorrect raten been in most
hospitals, that most clinicians are asking for
nuncorrectedn readings, allowing them to draw their
own conclusions.
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THE NORMAL SEDIMENTATION RATE.
What is the normal sedimentation rate?

This

question - is one of the most discouraging aspects of
the subject.

Most writers assume a certain reading

as the upper limit of normal and then judge their
cases by this figure.

Those observers who do set

out to find "normal" values, draw their conclusions
from surprisingly smali series.
Wintrobe and Landsberg (90) studied a series
of 137 men and 100 women.
dents and nurses.

These were medical stu-

A complete physical examination

and X-ray of the chest was done on each one.

The

100 mm. Wintrobe tube with the oxalate mixture of
Heller and Paul was used.

Their avera~ readings

were:
Women

Men

1st post menstrual week
2nd "
"
"
3rd "
"
"
4th "
"
"

10.2 mm
9.3 mm
8.6 mm
10.9 mm
3.7 mm

In setting the maximum limits of normal vari a tion
in the sedimentation rate, they feel it is probably
quite adequate to consider the mean value plus or
minus twice the standard deviation, since this includes 95% of all variants.

This would set the

limit of normal in men at 0-9 mm. and 0-20 mm. in
women.

However, they conclude that in the majority

of men the sedimentation rate should be no greater
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than 6.5 mm. and in women no greater than 15 mm.
These values in their series of cases represent 84.6%
of all vari ations.

·However, if they are assuming that

all their cases were normal adults, there is still a
5% who have rates over those listed.
Osgood (64,65,66) worked on very small groups
and formulated normal readings, but i t is this writer's
opinion that they are inadequa te and to draw con'

clusions would be premature.
Agnor (1) evaluated 2063 cases using the Wester-

gren tube and 5% sodium citrate.

Tests were taken

on entry to the hospital--48% males and 52% females.
As a criterion he considered 20 per hour as abnormal.
Of those cases without evidence of organic disease
he found clinically only 4% had elevated rates.

In

males with readings over 20 mm. per hour, only one
could be found of the whole group which did not have
evidence of organic disease.

This report seems some-

what on the optimistic side.
Benson and Rogers (5) using the Westergren
method on a group of girls (size not given) found the
mean was 10 mm. in 45 minutes with a r ange of 95% between 1.0 mm. and 30 mm.

Using the Cutler 5 cc.

method (50 mm. tube} with 3% sodium citrate on a series
of 327 girls between 10 and 20 years found 92% had
rates between 2 and 13 mm. per hour.

8% ranged
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between 14 mm. and 25 mm.
hour.

The median was 7 mm. per

All these girls were given elaborate physicals,

X-rays, and serological examinations.

They conclude

,

that 10% of healthy girls have rates over the routine
normals given by the originators of the various
methods.
Regarding the predictability of the sedimentation rate, Helm {40) in a series of 1000 cases
using Cutler and Rourke-Ernstene methods and their
normal values, found that in 943 cases the sedimentation rate was predictable.
matory.

In 173 it was confir-

In 770 is was predictable but of no help

in therapy.

In only 16 with an elevated sedimen-

tation rate could no explanation be found.

In-

cluding cases in which a normal rate was of assistance in diagnosis, the sedimentation rate helped
in the management of 237 and was of no help in 763
cases.
These writings throw a very little light upon
the subject of normal rates.

It seems that all

agree that 10% of the blood column is normal.
agree that over 20% is abnormal.

All

The group in be-

tween serves as the openly controversial group.
this, I can throw no further light.

On

However, one

thing which should be remembered is that the greatest use of the rate is in following progress, and
here absolute rates of normal are not so valuable.
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CLINICAL APPLICATION OF THE SEDIMENTATION RATE.
The sedimentation rate is accepted now as a
non-specific reaction, in the same manner as is the
leukocyte count, fever, tachycardia, and reactions
of the body in general to disease.

It would be

foolish to assign a certain value in millimeters
to a specific disease process or to a certain
stage of the process.

However, if the test is to

be applied to clinical medicine, certain general
observations must be made to corre~ate sedimentation findings with disease processes.

Cutler (13)

in reviewing his sedimentation findings on 5000
patients came to these conclusions:
A)

Diseases with abnormal rat~s
1) Chronic-infectious diseases such
as tuberculosis, syphilis and actinomycosis.
2) Active rheumatic fever.
3) Acute infections such as pneumonia, septicemia, acute endocarditis,
exanthemata, and acute bronchitis.
4) Malignancy.
5)

Acute intoxications, such as lead

and arsenic poisoning.
6) Localized suppurations such as
pelvic inflammatory disease, suppurative
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mastoiditis, suppurative sinusitis,
empyema of the gall bladder, and
bronchiectasis.
7) Certain •endocrine disturbances
such as thyrotoxicosis.
B)

Diseases which affect the rate little if

at all
1)

Simple catarrhal 1·n flammations

such as acute catarrhal appendicitis,
simple rhinitis, and colitis.
2) Chronic ulceration of small extent
such as gastric or duodenal ulcer.
C)

Not influencing the rate
1) Functional diseases such as the
various neuroses.
2) Focal infections such as abscesses
of the teeth, diseased tonsils, and
chronic sinusitis.
3) Metabolic diseases, like uncomplicated diabetes and essential hypertension.
4)

Allergic diseases.

5) Most skin diseases.
6) Simple growths such as fibromas,
lipoma, and fibromyoma.

Simple cysts.

7) Chronic valvular heart disease.
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As will be pointed out later, there is exception to every generality drawn here, such as
active tuberculosis or malignancy with no elevation
of the sediment a tion rate.

However, it may be said

that a normal sedimentation rate indicates one of
two things; either health is present, or there
exists a destructive disease not sufficiently active
to disturb the natural stability of the blood.
An increased sedimentation rate is always abnormal,
and except in the case of pregnancy, indicates the
presence of disease.

The sedimentation rate is of

value in diagnosis, but its greatest asset lies in
its role as a prognostic and therapeutic guide.

The

test has no diagnostic value in the study of patients
who have definite fever or frank leukocytosis, or
present other adequate sign of pathology.
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RHEUMATIC FEVER.
One of the widest uses of the sedimentation
rate is in the diagnosis and management of rheumatic fever patients.

In view of its important

application to this disease process, a more thorough
investigation will be undertaken.
Coburn and Kapp (10) have shown that an attack
of acute rheumatism is usually preceded by an upper
respiratory infection with a hemolytic streptococcus.
This is called phase one.

Following recovery from

the prima ry attack, a symptom-free interval of one
to three (rarely .five) weeks in length occurs, during which the patient appears to be in perfect
health.

This is phase two.

The rheumatic attack

proper is referred to as phase three.
In the rheumatic or non-rheumatic pa tient, the
sedimentation response to pharyngitis is quite similar.

Secondary rises say with scarlet fever are

moderate to high, depending on the amount or extent
of the complication. - They believe this is a septic
rise, similar to the aseptic stimulation which is
shown by rheumatism.

Their explana tion is this.

The pharyngitis gives a mild rise in sedimentation
rate which probably represents a response of the
reticulo-endothelial system to forei gn substances
generally.

During septic complications there is a
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a further increase in sedimentation which may be due
to added stimulation.

The third condition is ful-

filled by a sterile inflammatory process such as
acute rheumatism, the onset of which is accompanied
by a steep rise in the sedimentation rate curve to a
high level.

The intensity of the response suggests

that a mechanism other than previously mentioned may
be involved.

The rise in sedimentation speed im-

mediately precedes the rheumatic attack.

In acute

rheuma tism, the sedimentation rate may be considered
as a measure of the. extent of the inflammation.
Massel and Jones (58) in a review of 176 patienta
with rheumatic heart disease found that occasionally
the rate or leukocyte cound or both may be normal
in the presence of clinical signs of rheumatic fever,
which emphasizes the importance of clinical evaluation.

They believe that sedimentation rate deter-

minations are of little or no value i f an upper respiratory infection is present or for two or three
weeks after.

However, if rheumatic fever patients

run an eleva ted rate without signs of other abnormality, they should be treated as having active
rheumatic infection.
Elghammer {18) in a review of l?l children convalescing from rheumatic fever states that the
sedimenta tion rate is a reliable indication of the
activity when clinical signs are not detectable.
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He and most other observers have found that tonsillectomy raises the rate for two to four weeks.

Un-

complicated chorea does not give an elevated r a te.
Another observation - he made was that patients with
a low rate seldom if ever decompensated so long as
the rate remained low.
Ernstene found that salicylates reduce the

•

leukocyte count quicker than the sedimentation rate.

(19)

This seems to be true in any disease process

whether therapy is instituted or not.

Litchy and

Hooker (56) found that is acetylsalicylic acid was
stopped immediately when the rate returned to normal,
a rise occurred with fever, etc., in several cases.
The conclusion was that therapy should be carried for
three weeks after the return to normal of the sedimentation speed.
TUBERCULOSIS
Except for rheumatic fever, one of the fields of
greatest application for the sedimentation rate is
that of tuberculosis.

However, in this serious dis-

ease there are more aids to diagnosis than in rheumatic fever.

There is an organism which can be cul

tured from sputum and gastric washings.
the lesion.

X-rays show

In general it is said that the sedimen-

tation rate parallels the activity of the process,
but this has its definite limitations.

Freedman (24)
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found that patients without fever may or may not
have an elevated rate depending on the amount of
latent activity.

Patients with fever almost in-

variably have an elevated rate.

He found no cor-

relation between the duration of the disease and
the rate.

Gain in weight may or may not be assoc-

iated with a normal rate, but loss of weight is
almost always associated with increased rates.
Patients with complications show the highest rates.
Those receiving artificial pneumothorax show a
somewhat lower average than do other patients.
Patients with thoracoplasty exhibit a definitely
lower average.
Banyai and Anderson (4) reported their findings
in 2000 patients.

They believe the test cannot be

used in the diagnosis of tuberculosis unless other
pathological states causing a similar increase in
rate can be excluded.

In this series ?.35% of the

patients with active tuberculosis showed normal rates.
Of these there were 14 cases of minimal, 54 of moderately advanced, 13 far advanced, and 4? of extrapulmonary tuberculosis.

However, they point out

that if this working error is discounted, the test
gives valuable information concerning the activity
of the disease, the amount of destruction, and the
toxicity of the process.

Retardation of the sedimen-

tation speed in a patient in whom it was previously
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high may be interpreted as a sign of improvement.

A

constantly increased rate indicates the spread of
the disease or the onset of some complication.

The

test cannot be used for estimating the extent of
the lesion for the toxicity is not dependent upon
the size.

A rapid rate found on repeated examinations

means an unfavorable prognosis.
Here again, the greatest merit of the test lies
in its value as an index of changes in the general
and local condition of the patient, and as a guide
to therapy.

Another use is that consideration given

it as a criterion for discharge.
ARTHRITIS.
The application of the sedimentation rate to
the various types of arthritis is fairly widespread.
Weiss (8?) observed that the severity of joint symptoms was not paralled by the sedimentation rate.

The

rate in cases of infectious arthritis is usually
quite high and he finds that it usually does not return to normal unless the cause can be discovered
and . removed.

The test does not differentiate the

various types of secondary arthritis such as tuberculous, gonorrheal, and acute arthritis deformans.
Here again the test is of greatest value in evaluation
of therapy.
In rheuma tic arthritis the rate does parallel
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the severity and extent of the process.

Exacerbations

increase the rate and during remission a decrease
is noted.

Using the 100 mm. tube, Dawson, Sia, and

Boots (17) found that in cases of active rheumatic
arthritis the sedimentation rate is usually over
30 mm. per hour, averaging 45 mm., but in cases of

osteoarthritis, the rate is of~en increased, but seldom over 30 mm. per hour.
very high readings.

Still's disease gives

Spondylitis shows an increased

rate if it is infectious.

In the instance of gon-

orrheal arthritis, the rate also parallels the severity. (80)
When therapy is instituted in arthritis, the
rate then is a most accurate index of progress or its
lack.

(16,63,81)

GOUT
Haden and Kinnel (33) studied 100 consecutive
cases of gout.

Uric acid determinations were over

2.5 mg. in every case.

Of their series the rate was

elevated in 8?% of cases.

They found that the rate

parallels the activity of the disease, but the uric
acid level showed no correlation to the clinical
picture.

The use of the rate in diagnosis of gout

is obviously inferior to the specific test--uric acid
level.
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PNEUMONIA
It is perfectly obvious that the sedimentation
rate is of no use in the diagnosis of pneumonia, but
it has some value in watching the progress of the
patient.

Moen and Reiman (59} found that the total

plasma protein 1s usually decreased during the
febrile period.

The fibrinogen and globulin fractions

are increased relatively.

The increase occurs promp

tly after the onset and a high level persists for

varying periods, up to two months after the crisis,

indicating the slowness of true return to normalcy.
The rate increases in correlation with the plasma
fibrinogen and globulin increase.

OBSTETRICS AND GYNECOLOGY (APPENDICITIS)
Since the days of Fahraeus it has been known that
the one physiological condition which elevates the
sedimentation rate is pregnancy.
around the 10th to 12th week.

The elevation starts

Vogt (84), -using the

50 mm. tube of Cutler in which 10 mm. is the upper
limit of normal, found the following
Duration

Average

5 months

14.0

At term
2nd post-partum day
"
"
7th "
6 weeks post-partum

22.5
24.0
27.5
25.5
12.0

"
"
"

19.0

22.0

Variation

:t

3.5
4.0
3.6
3.5
3.5
9.0
9.0
20.0

When Caesarian section was used, the sedimentation

rate is more rapid during the immediate post-partum

course.

This is due to increased operative trauma
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and typical of any surgery.

He found no alteration

in the sedimentation rate a ssociated with toxemias
of pregnancy.
The question of the effect of menses has long
been a point of discussion.

Some observers have noted

a sli ght increase premenstrually with a decrease
during menses and then a gradual tapering back to
normal.

However, Greene (29) has pointed out that

all these variations are within the normal range of
a healthy woman.
The use of the rate in pelvic pa thology is
qu i te widespread.

Li finds that Bartholin cysts,

.relaxed perineal floor, cervicitis, malposition of
the uterus and endometrial hyperplas i a do not cause
anf increase in the rate.

Bartholin abscesses,

lymphogranuloma venerum, and ulcer of the cervix
after cauterization cause a rapid rate, but the r a te
itself does not help to differentiate a benign from
a malignant ulcer of the cervix.

Fibroids with no

other complication give no increase in rate.

In-

complete abortion with infection shows a high rate.
Chronic pelvic inflammatory disease causes increase
in rate, but hemoperitoneum show a rapid r a te only
when massive.

Ectopic pregnancy, unless there is

rupture, does not show a high rate, because of the
shortness of the duration of pregnancy. (51)
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One particular use to which the sedimentation
rate has been put to is the differential diagnosis of
right lower quadrant pain, especially between pelvic
inflammatory disease and acute appendicitis.

It

is a common observation that the former usually
shows a higher rate than appendicitis.

Lesser and

Kaufman (50) reported a five year survey of acute
appendicitis and found that 90% of cases had normal
rates.

Some showed a slight elevation.

As a result

of this finding, acute PID has been operated far
less than formerly.

The prob~bly explanation of

these observations is this.

In the first place, PID

is basically an infection w~eras appendicitis is more
often originally inflammatory only.

Secondly, the

tubes are more distendible and hence, inflammation
may be present longer before systemic or local symptoms of distention appear, wheras little distention
of the appendix gives symptoms.

SURGERY
In .the field of surgery, wounds and fractures,
even if aseptic, cause a moderate increase in rate.
Without complications normalcy usually r eturns in
10-16 days.

Acute osteomyelitis and lymphang itis

cause an early increase, while tuberculosis, actinomycosis, and syphilis bring about an increase in
proportion to the activity and virulence.

Benign
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tumors, renal calculi, and bony deformities give
normal rates.

In the field of orthopedics the sed-

imentation rate often serves in differentiating
benign and pathological states, especially in cases
of tuberculosis of the bone.

In urology some help

is offered in differentiating renal calculi with a
normal rate from infectious diseases of the kidney.
Gonorrhea of the urethra, prostate and epididymis
do not increase the rate, unless abscess formation
intervenes. (85)
In liver cases, jaundice sometimes causes the
rate to be normal even though the underlying pathology would seem to give an increased rate.

When

the extent of jaundice surpases the adsorption
power of the proteins, the rate is slowed.

This

should be remembered in cases of cancer or jaundice
in which the rate appears normal.

Alcoholic cir-

rhosis, if old, gives an increased rate. (85)

Acute

catarrhal hepatitis usually shows an increased rate
if a definite organism is responsible.

Often

normal rates are associated with liver disease without
jaundice.

This is particularly true when there is

extreme liver damage.

The cause is probably a de-

creased fibrinogen production.
In regard to phlebitis, Biegeleisen (6) points
out that the clinical diagnosis of phlebitis is
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difficult.

If the elinical signs are present and

the rate increased, he believes this is definite
evidence of phlebitis, in the abscence of complicating infection.

Varicose ulcers do not increase the

rate.
GASTRO-INTESTINAL DISEASE
Since the gastro-intestinal tract seems to be
the seat for many of the patients' complaints, it
is very difficult for even the best clinician to
segregate the functional from the organic complaints.
There is, of course, no magical test that is going
to do this, but the sedimentation test is a help.
In cases of an increased rate with no other signs
or symptoms to explain it, X-rays may be ordered
which regularly might not have been.

Lipp and Aaron

(55) made a very intersting report on 1000 cases
of gastro-intestinal disease or malfunction.

Using

the Westergren method, they considered the norm.al
for males 1-10 mm., 11-15 mm. borderline, and over
16 mm. definitely abnormal.

For females, they used

1-15 mm. normal, 16-20 mm. borderline, and over
21 mm. abnormal.
Of the total, 56 cases proved to be carcinoma.
Of these 56 cases, the rate was increased in 80%.
There are some interesting results in their findings
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which follow:

Normal

Diagnosis
Carcinoma of
of
"
of
"
of
"
Peptic ulcer
Gastritis
Functional
Anxiety
Cirrhosis

esophagus
stomach
pancreas
colon

Elevated

Borderline

0

4

1

2

18

0
3
130

6

0
1

18
346
254

0

17
15
0

4

15
1

2

5

1
8

3

0

Alvarez and Bargen (2) believe is the rate is
low, there is little chance of an organic, either
inflammatory or carcinomatous, lesion.

If the rate

is greater then 40-50 mm. in an hour (Westergren
method) there is almost surely something organic.
They believe it puts one on guard especially in cases
looking functional, thereby leading to X-ray and further study.

Sometimes also cases of diarrhea with

fever and abdominal pain and prostration suggest
organic pathology.

The finding of a low rate wa rned

them not to explore, and occasionally under insistence
they have explored and nothing was found.

Another

value they attach to the rate is its use in estimating the extent and seriousness of thromboulcerative colitis, or anything in which tissue destruction is a factor.

MALIGNANCY
Although the relation of the sedimention rate
to malignancy has been mentioned in several individual
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cases, the subject in general has not been considered
as yet.

In 1937, Koster (47) found that the rate

of stored citrated blood is subject to changes;
that is that over a 24-hour period the blood sedimentation rate shows a tendency to decrease.

He

found that in some cases it did not change in 24
hours.

Most of these cases were malignancy or

Hodgkins disease.

In 100 normals and 460 non-malig-

nant cases, the rate decreased steadily over a 24
hour period.

In 1940, Feldman (23) reported con-

firmatory evidence apparently.

In a series of 176

cases his results were 95.7% positive and 94.6%
negative in malignant and non-~alignant cases respectively.

Hertz and Rinzler (41) used a series

of 32 patients with proved malignancy and 67 patients
with other conditions.

They reported only 54%

positive and 72% negatives and concluded that the
24-hour feature is not reliable.

No one has yet

offered an explanation for the phenomenon.
Wise (92) found the rate usually elevated in
Hodgkins, but also reports that the rate may be near
normal when the disease is in a quiescent stage.
use is greatest as a guide to therapy.

Its

If severe

anemia and cachexia are present, the rate may not be
too much elevated.

The rate is increased in most

cases of acute leukemia, but normal in most chronic
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cases (44).
That the sedimentation rate is u sually elevated,
but by no means always, in carcinoma is fairly well
accepted.

But Dr. J.P. Tollman of the pathology

department has asked how much of this is due to ulceration and secondary infection.

This has, to my

knowledge, never been evaluated in the literature.
~s has been previously shown, carcinoma of the
esophagus practically always shows a high r ate, and
this tumor is - notorious for its ulceration.

Al-

though this Question remains unanswered, the fact
remains that the presence of an increased sedimentation
is often the initial clue to malignancy, regardless
of the mechanism behind it.
FOCAL INFECTIONS
In the group of so-called focal infections,
those of a chronic na ture play the greatest and most
controversial role.

That acute tonsillitis, sinus-

itis, etc., have increa sed r ates is accepted.

Hart (38)

has shown that the sedimentation rate rises more or
less in proportion to the extent or severity of otitis
media.

It will not differenti a te otitis from the

s p read to the mastoids.

It has no va lue in exclud-

ing lateral sinus infection.
dic ated a subsiding infection.

A decreasing rate inHe believes strep-

ococco give the most potent sedimentation response.

(60)

However, in Lintz' series of 30 cases of chronic
sinusitis (52), 87% had normal rates, and none had
a rate more than one and one-half times normal.

In

13 patients with chronic tonsillitis, none WBre over
normal.
rates.

In 5 cases with both, none had increased
He concludes that 92% of all had normal rates

and the others probably had another cause.

Fritsch

(25) reported on 102 patients with chronic tonsillitis.

79 had no increase in rate.

The 23 others

had other explanations, for when their tonsils were
removed, they showed no change in rate.

These find-

ings should tend to discredit a common scapegoat
used by clinicians for moderately increased rates
found in routine determinations.

CORONARY THROMBOSIS-ANGINA PECTORIS
The textbook picture of coronary thrombosis
is easy to diagnose generally, but others require much
more than the patient's story of the severe pair.

If

the patient is not seen for several days after the
attack, tbe fever and leukocytosis may have disappeared.

The electrocardiogram helps, but occasion-

ally its findings are difficult to interpret.

The

rate practically always is elevated in thrombosis,
75% markedly so, 25% moderately .

The peak of the

increase is between the 4th and 12th day. (27)

Angina

pectoris of effort, apart from syphilitic cases, i _s
associated with a normal rate.

Angina of rest usually
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shows a moderately increased rate, possibly indicating some myocardial infarction with coronary sclerosis
without thrombosis (93).

The sedimentation rate re-

flects the course of progress, but is of little or
no value in prognosis of the acute attack.

However,

the mortality of patients discharged with high sedimentation ' rates is two times greater than those with
low or normal rates (70)

Probably bed rest should

be continued until the rate is low or normal.
Congestive heart failure retards the rate regardless of the cardiac pathology.

The expl a nation

of this is the low oxygen tension and high carbon
dioxide.

Also to be remembered is that the rate is

elevated in pulmonary infarction (69).
NEUROPSYCHIATRY
Because of the hesitancy on the part of
physicians to diagnose any syndrome as functional
in the presence of organic disease, the sedimentation
rate is assuming a more pronounced pl a ce in the field
of medicine, especially neuropsychiatry.

Gregory (30)

reviewed a series of cases and found these results:
Non-Organic Group
Simple schizophrenia
Hebephrenic
"
Catatonic
"
Paranoid
Manic depressive-manic
Manic depressive-depressed
Involutional melancholia
Psychopathic personality
Psychoneurosis

None elevated
26.3%
14.7%

"
"

13.0%

"

25. 7%

"

17. 2%
25.0%
14.2%
16.3f

"
"
"
"
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He explained many of these with increased rates on
the basis of concurrent infection.
Organic Group
Traumatic
Huntington's chorea
Pellagra
Senile psychosis
Cerebral arteriosclerosis
Alcoholic
Epileptic
General paralysis
Cerebral syphilis

33% elevated
none
"
100%
"
48%
"
36%
"
2?%
"
41%
"
30%
"
tt
33%

These figures show no particular significance from
the standpoint of differential diagnosis, but are
of some value in indicating organic pathology.

Their

importance would have been enhanced had an attempt
been made to segregate in the functional group those
with otherwise explainable increased rates.
MISCELLANEOUS DISEASES
To discuss every disease that may show sedimentation rate changes would indeed be an unending
task.

Many of the diseases to be here mentioned,

although they show sedimentation rate changes, the
test itself plays no part in the diagnosis or prognosis, or if any role, a very minor one.
Kramer (48) studied a series of diabetics and
found that 6?.8% of 366 patients had above normal
rates.

The blood sugar ~er se had no influence.

It

is possible that cholesterol readings had a slight
effect, but he explains most of the increases on the
basis that the diabetic is more suseptible to infections

( 63)

such as upper respiratory, urinary, and gall bladder
disease.
In Addisons disease the rate is decreased.

This

should be remembered (85).
Gold and Bell (26) found that in uncomplicated
pertussis a normal or subnormal rate is found.

They

have picked up many afebrile, atypical cases in
children with a continued cough.

Their triad for

such a diagnosis includes lymphocytosis, leukocytosis,
and subnormal sedimentation rate.
A peculiar phenomenon occurs in cases of sickle
cell anemia .

Bunting (8) found that the sickled

cells remained unsedimented after one hour's time,
but that non-sickled cells from the sam.e patients
formed rouleaux and sedimented normally.
In the field of dermatology, the sedimentation
rate has a very limited use.

Tullipan and Director (82)

reported a series of 115 cases of dermatological
patients .

They found that the rate is usually nor-

mal in lupus erythematosus and erythema multiforme
including the bullous variety.
the skin it is usually elevated.

In tuberculosis of
The rate is also

increased in erythema nodosum and extensive eruption
from phenolphthalein.

In dermatitis herpetiformes,

the settling time is rapid, wheras in other generalized group vesicul a r dermatoses, including dermatophytids, it is normal.

Epitheliomata varied from
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normal to increased rates, depending on the extent of
the lesion.

Hodgkins with cutaneous lesions showed

an elevated rate.

The rate was borderline in mycosis

fungoides and erythroderma.

Pemphigus has an in-

creased rate, which aids somewhat in the differential
diagnosis of erythema multiforme bullosum.
Acute poliomyelitis has been reputed to have an
increase in sedimentation time in a certain percentage of cases (71).

In the individual case there

is no correlation between the severity and rate.
A normal or even subnormal rate is usually
associated with hay fever, asthma, and other allergic
conditions uncomplicated by infection (57).
Since infection of the upper respiratory tract
usually precedes an attack of acute glomerulonephritis
it is difficult to weigh the increase in sedimentation
rate found.

However, in uncomplicated cases of upper

respiratory infection, the rate returns to normal
in about three weeks, occationally prolonged to five
weeks.

In contrast, on the average for the nephritic

child it takes twelve wee~s, with an occasional case
going beyond 25 weeks.

The return of the rate to nor-

mal precedes the disappearance of red cells in the
urine.

This is probably due to the return of globulins

and fibrinogen to normal and not dependent upon the
complete healing of the glomeruli.

On the average,

the sedimentation is . normal five weeks before the
Addis count.
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CONCLUSIONS
A discussion of the sedimentation rate has been
presented.

From the historical view, observation of

the sedimentation of erythrocytes was found in the
early days of medicine, but it was not until the
accidental finding of Fahraeus, in 191?, that the
blood of pregnant women sedimented rapidly that widespread usage was adopted.
The hydrodynamics and physicochemical aspects
have been discussed.

In the greatest percentage of

cases th~ sedimentation rate should be considered as
an indication of the plasma fibrinogen level in the
blood.

The role of the globulin portion has also

been mentioned.
Numerous methods for determination of the sedimentation rate are in clinical usage, ~oth macro
and micromethods have been discussed.

Of the macro-

methods , it appears that those of Rourke-Ernstene and
Cutler best portray the full phenomenon of sedimentation, but have the drawback of consumption of a
busy technician's time.

The factor of time consumption

also applies to the method of Westergren .

The Wintrobe

and Linzenmeier methods require less time, but a
sacrifice of full _portrayal o.f the phenomenon results.
Micromethods have a definite clinical application.
I

Of the numerous anticoagulants used, either heparin or
the oxalate mixture of Heller and Paul seems to be
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superior.

If chemical determinations are to be made

on the same blood, heparin is the anticoa~~lant of
choice.
The various factors affecting the sedimentation
rate have been discussed.

The Question of correction

for anemia has not been settled, but all the methods
which are now used by various authors are admittedly
nothing but helpful.

Attempts to accurately deter-

mine a normal rate have been unsuccessful but enlightening.
Lastly, the clinical application of the sedimentation rate has been presented .

Its greatest usage

seems to be in rheumatic fever, tub erculosis, arthritis ,
and in the field of obstetrics and gynecology, especially in the differential diagnosis of appendicitis.
Every attempt has been made to present a thorough discussion of the rate, _thereby enabling one
to realize the uses and limitations of the test.
For it is only with this knowledge that the physician
can wisely interpret his sedimentation findings.
The test is a non-specific one, similar in most
respects to fever, leukocytosis, and tachycardia.
It is highly sensative, and often rema ins elevated
long after the former have disappeared.

At its

best, it should serve only as an adjunct to clinical
findings and other laboratory proceedures.
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